objectives Skilled attendance at birth is key for the survival of pregnant women. This study investigates whether women at increased risk of maternal and newborn complications in four East African countries are more likely to deliver in a health facility than those at lower risk.
Introduction
In global and national efforts to improve maternal and newborn health, a key focus has been to increase skilled attendance at birth [1] , primarily through increasing the proportion of women delivering in a healthcare facility [2] . Facility delivery rates have increased in most countries over the last decade, but, as with other health outcomes, this gain has been inequitable [3] and affected by factors including distance to facility and fees [4] . While maternal mortality has decreased since 1990, few countries reached the 75% reduction set for MDG5a. MDG4 has seen greater progress, with many countries achieving a two-third reduction in child mortality; however, newborn mortality lags behind that of children over 1 month old and now contributes to almost 50% of all under five deaths [1] . Even where regional-or country-level progress is good, heterogeneity often exists, with poor socio-demographic factors, such as lack of education, associated with worse maternal outcomes [5] . At the start of the Sustainable Development Goal (SDG) era, as we consider how to maintain and accelerate progress, one important focus must be on reaching the most vulnerable women: those at high risk of maternal and newborn complications who are not receiving adequate care.
Identifying women at higher risk is complex, and complications often occur in low-risk women; however, certain well-known factors, many of which can be identified before labour, increase the chance of obstetric complications occurring: poor obstetric history [6] [7] [8] , coexisting medical conditions [9] [10] [11] or factors related to the current pregnancy such as primi-or grand multiparity and multiple pregnancy [12] [13] [14] . Labour is a process which for many progresses safely with little or no intervention, but the development of obstetric complications in a minority of deliveries is unpredictable and can rapidly lead to severe morbidity or mortality for the mother or her baby. Good monitoring to detect problems early and prompt access to skilled personnel combined with appropriate resources to manage these problems are necessary to prevent adverse outcomes. Women at higher risk of developing complications should benefit from skilled birth attendance, and it is of particular importance that they access facility-based care where complications can be managed rapidly.
While previous studies have investigated some of the reasons women do and do not access health facility care at birth, to our knowledge none have explored the effect of obstetric risk factors on women's attendance. Therefore, we used survey data from four East African countries (Kenya, Tanzania, Rwanda, Uganda) to determine whether women at increased risk of obstetric complications were more likely to deliver in a facility. We also examined the effect of wealth and education on delivery location and whether these modified the effect of obstetric risk.
Methods
Data used are from the most recent Demographic and Health Surveys (DHS) for the following countries and years: Kenya 2014, Rwanda 2014-15, Tanzania 2015-16 and Uganda 2011. These are nationally representative, cross-sectional, household surveys using standardised questionnaires and shown to produce high-quality data for low-and middle-income settings which are comparable across countries [15] . Women aged 15-49 years were included in the surveys. Our sample was of women who had had their last live birth in the 3 years prior to the survey, who were regular household members rather than visitors and who had data on weight and height. The latter were available for approximately half the total sample in Rwanda and Kenya, around 31% of the Uganda sample and around 99% of the Tanzania sample.
The outcome was place of delivery for the index (most recent) birth. It was coded as a binary outcome: facility or non-facility delivery, with the latter including respondent's home, other home, traditional birth attendant's home, en route to provider or 'other'. Facility birth was chosen in preference to skilled birth attendant (SBA) as it is less prone to misclassification by women and should provide the necessary equipment as well as the personnel to enable skilled attendance.
An obstetric risk index for each woman in our sample was created using variables derived from DHS survey responses, listed in Table 1 along with the maternal/newborn complications with which they are associated. The selected criteria closely match those for higher risk pregnancy in the clinical guidelines from Uganda and Kenya, including age, parity, nutritional status, poor obstetric history and multiple pregnancy, but are unable to capture information on medical conditions which are not recorded in the DHS [16, 17] . We classified risk factors as medium if they were moderately associated with elevated obstetric risk such as parity, short height, poor nutritional status, short birth interval, no antenatal care and history of Caesarean section or stillbirth with a subsequent vaginal delivery and live birth. Factors were classified as high risk if they were considered to be strongly associated with a risk of complications for mother or baby, such as Caesarean section or stillbirth in the previous pregnancy, or of importance for some other reason as indicated in the table, based on epidemiological evidence and clinical consensus. Mothers' weight and height, used to assess malnutrition and obesity, were measured during the survey interview up to 3 years after the index birth; we assumed that women had the same risk from these parameters prior to the index birth. The combination of these factors determined a woman's risk at one of three levels: low, where no risk factors were observed; medium, where only one of the medium risk factors was observed; and high, where one or more high risk factors or two or more medium risk factors were observed.
Socio-economic position, assessed using mothers' education or household wealth, is known to be strongly associated with delivery location [48] and was considered a potential confounder or effect modifier of any association with obstetric risk. It could be an effect modifier if for example high-risk impoverished women were more likely to deliver in a facility, while wealthier women usually do so in the first place. Mothers' highest educational level was recoded as 'no education', 'primary' and 'secondary or higher'. For all countries, we used the already-existing wealth index within the DHS which had been created with urban-rural weightings. The weighted index aims to reduce urban bias and better distinguish the poorest from the other poor households [49] .
Analysis strategy
All data management and analysis was undertaken in Stata SE 14.0, using svyset commands to account for the sampling strategy using individual sample weights and clustering. Percentages of women at each obstetric risk level, educational level and wealth quintile were estimated. We used generalised linear Poisson models to investigate the crude and adjusted effect of obstetric risk index, wealth and education on facility delivery. This model was chosen to estimate risk ratios because our outcome, facility delivery, is common (>10% incidence) and, as incidence increases, there is a growing disparity between odds ratios and risk ratios [50, 51] . Models with interaction terms explored whether wealth or education modified the association between obstetric risk and facility delivery. To understand obstetric risk better, we examined the association between each individual risk factor and delivery location, plus the relationship between wealth and obstetric risk, using weighted percentages and chi-squared tests. Maternal dystocia, miscarriage, stillbirth, fistula [12, [18] [19] [20] Past Caesarean in last 5 years, but has had vaginal delivery since and prior to focus birth Scar rupture, placental complications, stillbirth and increased morbidity and mortality for mother and infant [6, 8, 21] Grand multiparity (focus birth is at least number six in live birth order)
Placental complications, foetal malpresentation, post-partum haemorrhage [14] Focus birth is twins or triplets Hypertension, pre-eclampsia, preterm labour, dystocia, placental abruption, perinatal mortality and morbidity, uterine atony and post-partum haemorrhage [13, 22] Multiple potential complications with emergency risk to the second twin. Should be encouraged to deliver in a facility offering CEmONC Stillbirth was last delivery prior to focus birth Stillbirth, newborn mortality, intrapartum asphyxia, placental abruption, preterm delivery [7, 8, 22, 33] Multiple potential complications including another stillbirth. Loss of the previous pregnancy can increase the importance of a successful outcome for mother and birth attendants Last delivery prior to focus birth was Caesarean section Scar rupture, placental complications and increased morbidity and mortality for mother and infant have been associated with recent Caesarean section [6, 21] Multiple potential complications with increased risk of requiring another Caesarean section therefore needs good access to CEmONC. There has been no successful trial of scar Sibling prior to focus birth died in first month of life Associations have been found between sibling neonatal outcomes including stillbirth and newborn mortality [22, [39] [40] [41] Loss of the previous newborn can increase the importance of a successful outcome for mother and birth attendants Focus birth is to woman aged under 16 Stillbirth, preterm labour, low birthweight, neonatal mortality, small-for-gestational age infants [42] [43] [44] Multiple potential complications including neonatal mortality
Results
Our initial sample was the 13 360 women with their most recent live birth in the 3 years preceding the survey who were regular household members (not visitors) and who had anthropometric data. Of these, 193 were missing data on delivery location and are not included in the remainder of the results and a further 47 lacked data on at least one component of the risk score leaving 13 119 women with complete data for the analysis (Rwanda 2158; Kenya 4733; Tanzania 5033; Uganda 1195). All numbers given are weighted unless otherwise stated. The proportion of women considered at medium obstetric risk was similar (42-45%) in each country. High obstetric risk was rarer, ranging from 12% (95% CI: 11-14%) in Rwanda to 17% (95% CI: 14-20%) in Uganda. Most women had only primary education; Kenyan women were the highest educated with 35% receiving secondary or higher education (95% CI: 33-37%) compared to only 14-24% in the other three countries ( Table 2 ). The overall proportion of women delivering in facilities was 59-66% in Kenya, Tanzania and Uganda but much higher in Rwanda at 93% (95% CI: 91-94%) ( Table 3) .
A key finding is that obstetric risk level had no effect on whether a woman delivered in a facility in any of the four countries, after adjusting for wealth and education (Table 3) .
Most women were considered at risk because of their parity: over 40% of women in each country were either primi-or grand multiparous. Poor nutritional status also occurred frequently in Kenya, Tanzania and Uganda where (14) 1655 (35) 822 (16) 287 (24) *Totals include those for whom information on delivery place was available. Table 4 ). The risk of not having antenatal care did not exceed 4% in any of the countries. Other risk factors each occurred in 5% or less of women (Table 4) . Wealth and highest level of education showed strong, independent associations with delivery location (Table 3) . The effect of socio-economic status was greatest in Kenya and smallest in Rwanda. Wealth did not modify the effect of obstetric risk on facility delivery in any of the countries. While facility deliveries clearly increased with increasing wealth, the relationship with obstetric risk is similar in all quintiles ( Figure 1 and Table A1 in Appendix). There is statistical evidence that education modified the association between obstetric risk and delivery location in Kenya and Tanzania (Table A1 in Appendix). Among the most educated Tanzanian women, those at high risk were more likely to deliver in a facility than women at low risk (RR 1.12 95% CI: 1.05-1.20). However, in Kenya, there is no consistent pattern.
Obstetric risk level did not vary by wealth in Rwanda or Uganda (Figure 2 and Table A2 in Appendix). In Kenya and Tanzania, there is evidence of a difference in risk levels by wealth but patterns are inconsistent: high obstetric risk was commonest among the richest women in Tanzania but among the poorest in Kenya (Figure 2 and Table A2 in Appendix).
Individual risk factors showed a more complex relationship with wealth. Primiparous women were overall more likely to be wealthy and to deliver in a facility, whereas grand multiparity was associated with being poor and giving birth outside a health facility, although in Rwanda this relationship was less pronounced (Figure 3 and Table A3 in Appendix). The same pattern is seen for under-and overnutrition; malnourished women were poorer and less likely to deliver in a facility, while the opposite was seen for obese women (Table 4 and  Table A3 in Appendix).
Having a Caesarean section in the birth prior to the index birth showed the strongest association with facility delivery and occurred more often among women of higher socio-economic status. However, it was a risk factor for only 1-5% of women studied. A similar pattern was seen for primiparous women aged over 35 years, but there were too few in the sample to draw any conclusions. Women not attending antenatal care were less likely to have a facility delivery everywhere except Uganda, but the relationship between no antenatal care and wealth was inconsistent. Other factors showed little or no consistent association with either wealth or facility delivery.
Discussion
Overall obstetric risk, as defined in our study, was not associated with delivery location. This is concerning as it suggests that women with a higher risk of developing maternal or newborn complications are as likely to deliver at home or in a facility as women without specific risk factors. Possible explanations relate to access, awareness of risk and concerns about quality of care.
Geographical and financial barriers to facility care are known [52] and are supported by the large associations seen between wealth and facility delivery in our data. Preterm and short labours reduce the opportunity to overcome these barriers, and are more common with risk factors such as multiple gestation and grand multiparity. Other family members, who have not learnt about a woman's risk at antenatal appointments, may decide where she gives birth. For example, in Uganda, husbands are very important in both choosing and overcoming barriers to access facility delivery [53] .
Women not receiving ANC might be unaware of their risk; advice given during ANC to deliver in a health facility has been shown to predict use of skilled facility delivery care [54, 55] and ANC was strongly associated with facility delivery in this study, except in Uganda. The large majority of women (96-99%) attended at least one antenatal appointment; however, from the DHS reports for these countries, we know only around half of women attended the recommended four visits [56] [57] [58] [59] . Some risk factors, like multiple gestation, are harder to identify in low-resource settings without easy access to ultrasound scans. Certain at-risk women may not understand advice given, for example women who have delivered safely at home for previous births may not appreciate that their grand multiparity now puts them at a higher risk [48] . Some women will grasp the risk of complications occurring but doubt the quality of facility care or fear neglect and maltreatment [52, 55] , especially if they experienced a stillbirth or newborn death in a previous pregnancy. For others, demands such as caring for older children may take priority over a stay in hospital.
Antenatal care, which is at least partially accessed by the large majority of women, provides a key opportunity to identify women at increased obstetric risk, explain the importance of skilled attendance and encourage birth planning. Risk identification is acknowledged in the new WHO recommendations on ANC as important to reduce maternal morbidity and mortality [60] and it is therefore surprising that none of the 49 recommendations specifically addresses risk identification or describes the constituents of a high-risk pregnancy. This reflects the change in emphasis that occurred in the early 2000s, away from a risk approach to considering every pregnancy to be at risk. However, we would argue alongside others [22] , that it is important to identify pregnancies with higher risk for the mother and baby, inform women of this risk and encourage and enable them to deliver in a hospital with the capacity to manage complications and perform Caesarean sections (CEmONC). Communication on birth preparedness and complication readiness, as described in the earlier WHO guidelines on health promotion for maternal and newborn health [61] , is expected to occur at all ANC contacts so is only referred to in recommendations for community-based interventions and task shifting. All four countries in our analysis have introduced focussed ANC, including four antenatal visits, communication on birth preparedness and recommendations for all women to deliver with a skilled attendant. However, studies in Kenya, Uganda and Tanzania observed only 24-76% of women received birth preparedness advice and only 7% of Ugandan women were informed about danger signs [62, 63] , indicating that the quality of ANC is poor and needs improvement. All women should be encouraged to deliver in a health facility [2] , but particular attention should be given to women with any identified risk factors, many of whom should be recommended to deliver not only in a facility but in one offering comprehensive emergency obstetric care. Monitoring of ANC activities, both routinely and in surveys such as the Service Provision Assessment [64] , should include indicators on risk assessment and communication.
Overall facility delivery rates varied widely between the countries studied, suggesting that differences in health policy, including fee exemption schemes, and health service delivery (access and quality) affected uptake of facility care. Population distribution might also be relevant: Kenya has remote areas, while Rwanda is smaller, making travel easier. User fees for maternity services were abolished in Tanzania and Uganda before the period studied, as well as in Kenyan health centres and dispensaries. However, neither Kenya nor Uganda saw immediate improvements in facility deliveries as a result [65, 66] and studies in Kenya and Tanzania show most women continued to pay a service fee, despite the policy [65, 67] .
Rwanda notably has both a higher overall facility delivery rate and smaller differences between rich and poor than the other three countries. a successful health insurance scheme [68] , making maternity care more financially accessible, the country has also invested heavily in the development of their Community Health Worker (CHW) programme. CHWs provide community education, identify pregnant women and give ongoing encouragement to attend ANC and deliver in a facility [69] . Between 2005 and 2010, a steep increase in facility deliveries was seen in Rwanda [70] , coinciding with sustained capacity building of CHWs especially through training in Maternal and Child Health. However, almost 80% of these facility deliveries occur in lowlevel facilities not offering full basic emergency obstetric care (BEmOC), compared to Uganda and Kenya where over 40% of facility deliveries occur where comprehensive emergency care is provided [71] . Similar to other studies [3] , we found women with a higher socio-economic status or educational level were much more likely to deliver in a facility. In Tanzania, education appeared to modify the effect of risk on delivery location with obstetric risk driving place of delivery only among better educated women. The difference in facility delivery rates between risk groups was small, and these results were not replicated elsewhere so should be treated with caution. However, it is plausible that more educated women might better understand the complex concept of risk and subsequently deliver in a facility, and improving girls' education should be advocated for this and many other reasons.
Wealth did not modify the effect of obstetric risk on delivery location and there is no consistent association across countries between wealth and overall obstetric risk. This is probably explained by the clustering of individual components of obstetric risk into different wealth groups, especially those associated with parity and nutrition. The most common risk factors related to parity and our results confirm those of other studies which show higher risk is associated with both lower socio-economic status and lower likelihood of facility delivery [48] . Conversely, due to their smaller completed family size, richer women in the sample are more likely to be giving birth for the first time, putting them at increased risk of complications associated with first delivery, such as obstructed labour. However, they are more likely to deliver their baby in a health facility. Socio-economic status is therefore an integral part of the relationship between risk and facility delivery, affecting the most common factors that increase obstetric risk as well women's decisions about where they give birth.
Limitations
We used a simple approach to measuring obstetric risk, taking the factors available in population-based surveys known to carry an increased risk of obstetric complications, and using the premise that once a woman had a risk factor, she would benefit from delivering in a facility. We regarded certain factors, and the combination of two or more factors, as increasing a woman's risk further (grouped under the 'high-risk' category). However, we did not weight the factors beyond this. This categorisation has not been carried out before and the association between this grouping of risk factors and actual health outcomes for women and newborns is unknown, although based on evidence supporting the individual factors.
Some important risk factors are not collected in the DHS, and thus, we could not include these in our categories, notably clinical risk factors such as diabetes and anaemia, previous poor obstetric history such as haemorrhage and pre-eclampsia, as well as clinical risk factors identified in the current pregnancy, such as pre-eclampsia or placenta praevia. Therefore, women whom we categorised as low risk may have been identified with such risk factors in the pre-pregnancy or antenatal period, weakening any potential association between obstetric risk and delivery location. Furthermore, while some obstetric risk factors are identifiable prior to delivery, predicting antenatally which women will develop complications at birth is difficult [72] [73] [74] . Consequently, the priority in low-resource settings where emergency transport is unavailable is still to ensure that all women have access to high-quality delivery care in a health facility.
The DHS relies on self-reported data and there could be differences between individuals' recall and characterisation of risk factors. Self-reported aspects of risk like stillbirth may suffer from under-reporting for personal reasons, but it is unclear whether this would vary by socio-economic background, or in which direction. The validity of self-reported data for factors such as previous Caesarean section is known to be high [75] . The use of the DHS wealth quintiles is imperfect as they are relative measures of within-country wealth, and not comparable between countries. The wealth indices are, however, weighted to mitigate urban/rural disparities. The DHS only provides detailed data about live births, as reported by the mother. Therefore, our sample excludes women who died or who had a stillbirth in the index pregnancy -two important potential consequences of obstetric complications. Some early neonatal deaths may also have been misclassified as stillbirths and not included in our sample of live births.
Women's weight was measured at the time of the survey and we assumed that they were in the same weight category (malnourished, low-risk or obese) at the time of their index pregnancy, whereas this might have changed following delivery. However, the similarity in the main results across countries, despite differences in the contribution of weight to medium risk scores (8-18%), suggests any potential misclassification is unlikely to be causing major bias. Data on previous Caesarean sections and stillbirths are only available for the 5 years preceding the survey: therefore, earlier events are not captured in our risk factors, and we may have misclassified medium or high-risk women as having a lower obstetric risk.
Conclusion
The troubling key message from our results is that many women who can be easily identified before delivery as being at increased potential risk of maternal and newborn complications are not delivering within a health facility. Many of these complications require urgent care unavailable at home, such as Caesarean section. Instead, it appears to be a woman's socio-economic status that determines her likelihood of a facility delivery. One straightforward way to improve this situation could be a renewed focus within ANC on screening for obstetric risk and improving communication around birth planning to reduce context-specific barriers to facility delivery. Further research into the quality of ANC communication, the effect of increased awareness of risk on women's decision-making and the specific barriers faced by highrisk women will help to highlight the key areas for intervention and to strengthen service quality. In country, greater attention could also be given to service innovations such as maternity waiting homes which lessen the inequities related to transport and geographical accessibility of facility care. Lessons can also be learned from the comparative equity and high proportion of facility deliveries seen in Rwanda, exploring the role of communitybased interventions to improve birth preparedness and strengthening the call for available and affordable highquality services for all women. 
